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Abstract 
 Environmental microbes were encapsulated in water-in-oil microdroplets with a fluorogenic substrate 
for the target enzyme to screen for microdroplets that contain microbially active cells. The genomes from 
the active cells were amplified and sequenced to identify the genes encoding target enzymes. 
Environmental microbes are a great source of industrially valuable enzymes with potent and unique 
catalytic activities. Unfortunately， the majority of microbes remain unculturable and thus are not 
accessible by culture-based methods. Here we present a methodological approach for the identification of 
genes that encode metabolically active enzymes in environmental microbes in a culture-independent 
manner.  
 
































































③微生物 1 個体から目的遺伝子の取得 
 微生物 1 個体が有するゲノム DNA を




























Figure 1， Schematic workflow for identifying 
microbial enzyme-encoding genes by 
activity-based single-cell sequencing using 
microdroplets. 
(a) The workflow includes single microbial cell 
isolation in W/O microdroplets (step 1) ， 
activity-based single-cell screening and recovery of 
target cells (step 2)， whole genome amplification 
(step 3) and genome sequencing (step 4). Genes 
encoding the target enzymes are identified based on 
genomic information (step 5). The entire process 
could be completed in 4–5 days. 
(b) Schematic representation of single microbial cell 
isolation in W/O microdroplets using a microfluidic 
device. 
(c) Schematic representation of activity-based 
single-cell screening and recovery of target cells. 
 



























































Figure 2， Detection of a microbe possessing 
₋beta glucosidase activity. 
Bright-field (left) and fluorescence (right) images of 
W/O microdroplets encapsulating environmental 
bacteria with fluorescent-glucose. The white 
arrowhead shows a fluorescent bacterial cell in a 
W/O microdroplet. Scale bar represents 20 μm. 
















































Accession number of the most similar sequences (their origin) Identity (%)
BGL1 WP_015935647* (Arthrobacter chlorophenolicus ) 56
BGL2 WP_028040971 (Caulobacter  sp. URHA0033) 52
BGL3 WP_010381006 (Pseudoalteromonas rubra) 74
BGL4 WP_011044492 (Colwellia psychrerythraea) 63
BGL5 WP_019026132 (Colwellia piezophila ) 67
BGL6 WP_010557357 (Pseudoalteromonas marina) 70
BGL7 KGJ93128 (Colwellia psychrerythraea ) 72
BGL8 KGL60449 (Polaribacter  sp. Hel1_33_49) 68
Table 1， New beta-glucosidase (BGL) genes 























Figure 3, Structure of agarose 
 
 































































Figure 7, Degradation of Alginate by an 
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